We have used an antiserum directed against a synthetic v-mos peptide (anti-C3 serum) to screen tsllO murine sarcoma virus (MuSV)-infected cells for the presence of v-mos-encoded proteins. Anti-C3 serum specifically recognized an 85,000-dalton protein doublet (P85) from [35S]methionine-labeled tsllO MuSVinfected producer cells grown at 32°C, the permissive temperature for transformation. The P85 doublet was also recognized by an antiserum directed against the viral gag protein p15. P85 was present but at 2-to 10-fold-lower levels in tsllO MuSV-infected producer cells grown at 39°C, the restrictive temperature for transformation. The P85gag-mos fusion product was the only v-mos protein reproducibly detected in this tsllO MuSV-transformed cell line. Immunoprecipitation of 32P-labeled cells with anti-C3 serum revealed that the upper band of the P85 doublet is phosphorylated, containing mostly phosphoserine and some phosphothreonine. Cells acutely infected with tsllO MuSV contained slightly higher levels of P85 than did the tsllO MuSV-infected producer cell line. Anti-C3 serum specifically recognized a 33,000-dalton protein (p33) in the acutely infected cells labeled with [35S]methionine. p33 was present in trace amounts and may represent a previously unidentified tsllO MuSV-encoded v-mos protein.
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Moloney murine sarcoma virus (M-MuSV) (10) , a replication-defective retrovirus, induces sarcomas in animals and transforms fibroblasts in vitro. The oncogenic information of M-MuSV is contained within a block of approximately 1, 200 nucleotides, called v-mos, at the 3' end of the MuSV genome (1, 3, 5, 6, 16, 17, (20) (21) (22) (23) . We have used an antiserum against a synthetic COOH-terminal peptide predicted from the vmos DNA sequence to demonstrate that the MMuSV v-mos gene is expressed in M-MuSV clone 124 (M-MuSV 124)-transformed cell lines as a 37,000-dalton phosphoprotein (p37m0s) (15) . p37mOS comprises only about 0.0005% of the total cellular protein in cell lines transformed by M-MuSV 124 (15) . NIH 3T3 cells acutely infected with M-MuSV 124, however, transiently contain 30-to 100-fold more p37m0s (15) . p37'os contains at least six sites of serine phosphorylation and appears to be a soluble cytoplasmic protein (15 (2) . Cells infected with tsllO MuSV are transformed at 32°C but revert rapidly to a normal state upon being shifted to 39°C (2). Horn and co-workers have used antisera against the viral gag protein p12 to detect two MuSV-specific proteins in tsllO MuSV-infected cells (7, 8) . One of these, P58 (a 58,000-dalton protein), contains only gag-related sequences and is equally abundant at permissive and restrictive temperatures (7, 8 ). P58 appears to be synthesized from gag sequences in one of the two types of genomic RNA present in tsllO MuSV virions (8) . In contrast to P58, the second protein, P85, is only detectable in tsllO MuSV-infected nonproducer cells maintained at the permissive temperature (7, 8) . Tryptic peptide mapping shows that P85 contains not only gag-specific peptides but also peptides which are homologous to those from presumptive vmos in vitro translation products from M-MuSV 349 (7, 8, 11) . Thus, P85 appears to be a gag-mos fusion protein and is a likely candidate for the transforming protein of tsllO MuSV (7, 8 (13, 19) . Precipitation of the P85 doublet was specifically blocked with an excess of soluble C3 peptide (Fig. 1A, lane B) , the criterion by which we distinguish v-mos-encoded proteins from unrelated proteins in immunoprecipitates made with anti-C3 serum (15) . We did not detect a 37,000-dalton protein, similar to p37mOS (see Fig. 3 ), in immunoprecipitates from tsllO MuSV-infected producer cells. An antiserum against the murine leukemia virus gag protein p15 recognized a triplet in the region of P85 from these same tsllO MuSV-infected producer cells in addition to several smaller gag-related proteins (Fig. 1A , lane C). The upper two bands of the triplet comigrated with the two P85 proteins recognized by anti-C3 serum. The smallest band in the triplet appears to be a murine leukemia virus gag protein, since it was also precipitated by anti-plO serum which does not recognize P85 (data not shown). The anti-p1S immunoprecipitation results shown here confirm previous experiments by Horn et al. in which anti-p12 serum was used to immunoprecipitate P85 (7, 8) . It is noteworthy that anti-p1S serum precipitates P85 about five times more efficiently than does anti-C3 serum when both sera are used in excess. Attempts to improve the precipitation efficiency with anti-C3 serum by boiling the cell lysates in sodium dodecyl sulfate to expose the single antigenic determinant in every P85 molecule before immunoprecipitation were unsuccessful (J. Papkoff, unpublished data).
We estimated the abundance of P85 in tsllO MuSV-infected cells by making the assumptions that the half-life of P85 is similar to that of total cellular protein and that the immunoprecipitation procedure brings down a major fraction of the P85 population, as we did previously for p37mos (15) . Depending on the antiserum and the experiment, P85 comprised approximately 0.003 to 0.01% of total methionine in cellular protein in tsllO MuSV-infected producer cells grown at 32°C. Making a correction for the methionine content of the two proteins, this corresponds to about 5 to 15 times as many P85 molecules per cell as the number of p37mos molecules per cell detected in an NIH 3T3 cell line transformed with M-MuSV 124 (15) .
Immunoprecipitation, with anti-C3 serum, of [35S]methionine-labeled, tsllO MuSV-infected producer cells grown at 39°C, the nonpermissive temperature, revealed a specifically precipitated P85 doublet (Fig. 1A) . Anti-p15 serum also recognized a P85 triplet similar to that seen at 32°C. The upper band of the P85 doublet identified with anti-C3 serum at 39°C migrated slightly faster than the upper band of the P85 doublet precipitated from cells grown at 32°C (Fig. 1B) . The significance of this small but reproducible difference is unclear but might reflect differences in phosphorylation at the two temperatures. The amount of P85 detectable in cells grown at 39°C was variable depending on the experiment and ranged from 2-to 10-fold less than that detectable when the cells were grown at 32°C. The presence of P85 in tsllO MuSV-infected producer cells at 39°C has been observed previously by Horn and co-workers (8) . It contrasts with the situation found with tsllO MuSV-infected nonproducer cells, in which no P85 is detected at the nonpermissive temperature either with anti-p12 serum (7, 8) or with anti-C3 serum (13, 19) . The "leakiness" of P85 expression in tsllO MuSVinfected producer cells grown at 39°C could well be due to the presence of a few wild-type revertant cells synthesizing P85 rather than to a and B) or A single specifically precipitated phosphoprotein of about 85,000 daltons could be identified in anti-C3 serum immunoprecipitates from 32p_ labeled, tsllO MuSV-infected cells grown at 32°C (Fig. 1A) . P85 was also detected, but at lower levels, in 32P-labeled, tsllO MuSV-infected cells grown at 39°C (Fig. 1A) . The 32P-labeled P85 band comigrated with the upper band of the [35S]methionine-labeled P85 doublet (Fig. 1B) .
This situation is identical to that seen with p37mOS in M-MuSV 124-transformed cells. In this case we demonstrated, by pulse-chase analysis, that the lower band of the p37mos doublet was the primary translation product which was subsequently converted to the upper band, probably by extensive phosphorylation (15) . Pulsechase analysis with anti-C3 serum shows that P85 synthesis and processing proceed in a similar manner (J. Papkoff, unpublished data). Phosphoaminoacid analysis demonstrated that P85 contains primarily phosphoserine with some phosphothreonine (Fig. 2) . No phosphotyrosine was detectable in P85. P85 has the expected phosphoamino acid composition for a gag-mos fusion protein, since the M-MuSV 124 gag protein P62 contains mostly phosphoserine and some phosphothreonine, whereas p37mos has at least six sites of seine phosphorylation (15) .
The immunoprecipitation experiments described above did not reveal any specifically precipitated proteins smaller than P85 in tsllO MuSV-infected producer cells. In particular, no protein the size of p37mOS was detectable ( Fig.  1A and 3 (Fig. 3) . A similar result was obtained when acutely infected cells were labeled with 32p; (data not shown). In contrast to the 30-to 100-fold elevation of p37m0s seen after acute infection of NIH 3T3 cells with M-MuSV 124, the level of P85 synthesis after acute infection with tsllO MuSV was increased only about twofold. The failure to obtain a large increment in P85 synthesis after acute infection could be a consequence of the lower temperature (32 versus 37°C) at which the acute infections are carried out or may simply reflect our technical difficulties with the acute infection process.
In addition to P85, immunoprecipitation of NIH 3T3 cells acutely infected with tsllO MuSV with anti-C3 serum yielded very small quantities of a specifically precipitated [35S]methioninelabeled protein of approximately 33,000 daltons (p33) (Fig. 3) . p33 is the only protein smaller than P85 which was reproducibly blocked from the anti-C3 immunoprecipitate with C3 peptide; there was no evidence of a 37,000-dalton protein (Fig. 3) . Although definitive identification of p33 by peptide mapping has not been possible due to the scarcity of this protein, the immunoprecipitation results taken together with the fact that the largest in vitro v-mos product lacking gag sequences encoded by tsllO MuSV virion RNA is 33,000 daltons (11, 19) Phosphoaminoacid analysis of P85. 32P-labeled P85 was immunoprecipitated from tsllO MuSV-infected producer cells grown at 32°C as outlined in the legend to Fig. 1. P85 was extracted from the sodium dodecyl sulfate-polyacrylamide gel, and phosphoaminoacid analysis was carried out in two dimensions as described previously (18) . The first dimension (pH 1.9) was with the anode at the left and the origin at the bottom right (off the figure) . The second dimension (pH 3.5) was with the anode at the top. Marker phosphoserine (pSER), phosphothreonine (pTHR), and phosphotyrosine (pTYR) were located by staining. A 160-cpm amount of P85 was analyzed, and an indirect autoradiograph of the map is shown (4-day exposure). (15) . Possibly the higher level of P85 in tsllO MuSV-infected cells can be tolerated because the presence of the NH2-terminal gag sequences in P85 or the deletion of NH2-terminal sequences from the v-mos gene results in a decreased potency of the mos function. In contrast to p37"°S (15) , synthesis of P85 is only slightly elevated after acute infection of NIH 3T3 cells with tsllO MuSV. However, the absolute level of P85 after acute infection with tsllO MuSV is similar to the level of p37mos seen in cells acutely infected with M-MuSV 124 (15) . Whereas P85 is the predominant v-mos-encoded protein detected by immunoprecipitation of tsllO MuSV-transformed cells, it may not be the sole product of the tsllO MuSV v-mos gene, since trace amounts of a smaller specifically tsllO MuSV-infected stable cell line grown at 32°C (marked stable) was immunoprecipitated in parallel. In addition, cells acutely infected with M-MuSV 124 (marked 124) were prepared as described previously (15) , labeled with [35S]methionine, and immunoprecipitated in parallel as outlined above. All lanes shown were from the same gel. The gel was fluorographed and exposed to film for 5 days, except for the tracks shown in the right-hand "acute" A/B pair. These are the same tracks as in the left-hand acute A/B pair but exposed to film for 14 We are indebted to Mei Lai, Chuck Van Beveren, Inder Verma, Paul Hoeprich, and Russell Doolittle for the synthetic peptides used to raise the antiserum and acknowledge Inder Verma for collaboration with the MuSV experiments. We thank Ralph Arlinghaus for providing the tsllO MuSV-infected cells used for this study and for communicating results before publication.
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